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Ref J M Roberson ttr (08074) to S G Stiger, lntenm Guldance on Operable Unrts 5 and 6 Risk 
Assessment Calculations, January 30, 1995 

Action None required 

This letter is wrltten in response to your request for a comprehensive and exhaustive technical 
argument supporting the exclusion of arsenlc as a Chemical of Concern (COC) in Operable Unds 5 
and 6 Arsenc IS examined for groundwater, pond sediments, and stream sediments, but was not 
considered a COC in other media Also included is a spatlal distributlon evaluatlon for Arsenc on a 
sdewtde level OU5 and OU6 nsk assessments are proceeding wdhout arsenic included as a COC 
until further guidance 

Techncal information on the arsenlc issue is attached for your evaluatmn 
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staff, at 966-6987 
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DISCUSSIONS ON ARSENIC AT RFETS 

Durmg the January 25, 1995 meetmg between DOE, RFFO and OUs 5 and 6 EG&G staff, 
DOE requested that EG&G provide technical mfomation on the available process knowledge 
on arsemc usage at RFETS and an additional data evaluation for arsemc detected m OUs 5 and 
6 The purpose of thls letter is to provide this mformation 

As stated m the January 31, 1995 correspondence to Kurt Muenchow, DOE/RJ?FO, from Ed 
Mast, EG&G ERPD, Letter #ECM-008-95, EG&G reviewed the Reconstructton of Historical 
Rocky Flats Operations & Identiyication of Release Points (CDH, 1992) and the Histoncal 
Release Report for the Rocky Flats Plant (EG&G, 1992) and found no discussion of arsemc 
being used and/or released from any of the past processes at WETS Smce then, an attempt 
was made to further document any possible uses of arsemc at WETS, such as a pesticide for 
grasshopper control prior to the 1960s or 1970s The ERPD librarian conducted an extensive 
search for references to arsemc in the sitewide databases A majority of these references 
discussed arsemc as a sample analyte or withm a general discussion of chemcals One 
reference to the use of arsemc was as a chemcal standard for the atomic absorption process in 
Building 771 However, no references were found mdicatmg that arsemc was used m any 
large quantities at RFETS Thus, it is unllkely that the arsemc detected m OUs 5 and 6 
sedlments results from onsite sources 

Arsenic Results in OUs 5 and 6 

The arsemc results from envnonmental samples collected from OUs 5 and 6 are presented by 
medium in Table 1 and as follows 

f e W r Arsemc was not listed as a PCOC for any of 
these media m either OU5 or OU6 

Groundwater Imtially, OU6 ormtted total arsemc as a PCOC in groundwater samples uslng 
professional judgment, based prmarily on the correlation between elevated metals 
concentrations and total suspended solids Although EPA thought that this rationale "appears 
generally sound, It they requested that DOE retain arsemc (as well as three other metals) as a 
COC in groundwater based on the fact that the maxmum OU6 concentration is 18 pgll and the 
PRG is 0 0038 pg/l DOE agreed to handle ths issue for OU6 m the same way as OU2 
OU2 had received conditional approval on their COC TM with the understandmg that a 
quantitative risk assessment will be conducted for arsemc m groundwater and the results 
mcluded m the uncertainty analysis (rather than m the risk characternation) section of the 
HHRA The risk from these metals, mcludlng arsemc, would not be added m with the risks 
from the other groundwater COCs 
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the very small sample slze for the OU data (n=8 for OU5, n= 15 for OU6), and the large 
number of nondetects rn the background arsemc data, the results of the Gehan test, evaluated 
below, need to be evaluated carefully 

The attached WETS maps show the distribution of arsemc m stream sedments, pond 
sedments, and surface sods onsite and expanded offsite to mclude the OU3 reservous The 
various color codes and values shown m the legend are the UTLs,,, for these specific media 
10 1 mg/kg for stream sedments, 12 9 mg/kg for surface soils, and 66 7 mg/kg for pond 
sedments 

ation of Gehan StaLst~cal Test 

EG&G examined the statistical comparison of the OUs 5 and 6 stream sedment results to 
background For stream sedunents, as well as other media, the one test that was 
predominantly failed was the Gehan test Although the Gehan test was proposed as a way to 
deal with multiple detection l m t s  and is not supposed to be sensitive to sample sue or number 
of nondetects, there is some concern regardmg the validity of th~s statistical test when 
comparmg data sets with small sample sues or a large percentage of nondetects 

Helsel (1990) notes that, "In the most comprehensive review of these score tests (such as the 
Gehan), most of them were found lnappropriate for the case of unequal sample sues "(See 
Attachment A ) Gilbert -elf cautioned us about the use of the untested and unproven 
Gehan test Gilbert (1993) noted "As the performance o f  the Gehan test has not, in my 
opiton, been adequately deterrmned, I recommend that stahstical evaluations and comparisons 
of its performance with competmg tests should be conducted by EG&G at the earliest tnne I' 

Competing tests include the Wilcoxon Rank Sum and Kruskal-Wallis tests, which, accordrng 
to Gilbert I' 

many fields of application" (Attachment B) 
are very well known by statisticians and practitioners, and are widely used m 

An evaluation of Gilbert's recommendations, mcludmg comparative testmg of the Gehan test, 
was prepared by Dr Kenny S Crump, ICF Kaiser, at the request of EG&G Rocky Flats Dr 
Crump (1993) states as one of his conclusions that "For data contamg nondetects, Gilbert 
recommends the ad hoc approach of applymg the slippage and quantile tests to the ranks 
calculated rn connection with the Gehan test rather than to the actual data T h s  ud hoc 
procedure is invalid and can produce nonsensical results Consequently, it should not be 
applied under any con&bons I' 

Weipht of Evldence 

Attachment C provides a series of tables showmg the ranges of arsemc m rocks, surface sods, 
and sedments It should be noted that "the northern and southern parts of  the (Front Range) 
Corridor are underlam by marme shale, whch typically contain larger amounts of trace 
elements It ( Severson and Tourtelot, 1994) As seen rn these tables, the values of arsemc 
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Severson, R C and H A Tourtelot, 1994 Assessment of Geochemical Variability and a 
Listing of Geochemcal Data for Surface Soils of the Front Range Urban Corridor, 
Colorado USGS Open-File Report 94-648, Denver, Colorado, pp 6-7 

U S Department of  Energy (DOE), 1993 Background Geochemcal Characternation Report 
for Rocky Flats Plant Prepared by EG&G Rocky Flats, Inc for DOE (September) 

U S Environmental Protection Agency (EPA), 1992 Supplemental Guidance to RAGS 
Calculatmg the Concentration Term Office of Solid Waste and Emergency Response, 
Publication 9285 7-091 Washmgton, D C 
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' ncation of data folloaed b\ computa 
tion of r rests or similar parametric pro 
cedures I S  31 least as arbirrarv a i t h  
multiple reponing limits as uith one re 
ponins limit dnd should be aioidrd 
Also data belcu all reporrinc IinrtS, 

should never be deleted betort. tewnr 

neFhods and reporting limits have changed over time Score tests are valtd in I 

lobit regression (c1.m 2 )  cdn be used 
k i t h  multiple reporting nits Data 
should have a normal L stribution 
around all group mems and equal group 
vanances to use the test These assump 
nons are difficult to vcrifi uith cen 
sored data especiill\ for small data seis 

One robust method that a h  a\ s can be 
u5ed is to censor all data at the highe5t 
reponing Ii?rit and then pertom the 3p 
propnare nonpxmetric tesi Thus the 
data set 
<I <I  e1 5 7 S <IO <IO <IO 12 16 25 
would become 
<IO < l o  <IO <10 <IO <IO <IO <IO 

<IO 12 16 25 
arid a rank-sur  test would be performed 
to compare this with another data set 
Clevlv this causes a loss of information 
u hich mat be severe enough to obscure 
actual differeqces between groups (a 
loss o pouc I For some situdtions 
howe\er [hi\ the best that can be 
done 

Alternativelv nonparmetric score 
testc common in the meaicd wni!d 
anal\ 51s 'emure sometinip\ can be 
7pplic.d to cJw of nuii ipic  -cponinf 
hnitr  (26 Tnrte rest5 rnoalti uncen 
sored rani. iesi \tati\tic\ (11 LornPLrt 
groups of data T h c  niouif1, I r v i \  .I i t w  

I 

limit\ In the mo\t comprehLn\;\e re- 
\iew of the\e \core te\ts (271 most of 

not the case uith environmental datd , 
The-PetePrentice test with an asymp- 
totic vdnmce ectirnate was found Io be 
the least sensitive io unequal sample si t -  
es and to differing censoring mechd- 
nisms 1-37) 

- in summary -robust -hvpthesa-mts- 
h u e  several advantages over their di\- 
tributional counterpans when they are 
applic, to censored data These a d \ m  
tdges include freedom from adherence to 
a normal distnbution greater power for 
the skewed dismbutions common to en- 
\ ironmental data comparisonc between 
ccntrdl vdlues such as the median rather 
t h n  the mean and the incorporation of 
data below the reponing limit uithout 
fabrication of \dues or bids lnforma 
tion contained in less-than v~ lues  IS u\ed 
accuratel) and does not misrepresent the 
state of that information 

tion cJii bc docun1rnttd [obi[ reCrr\>l('l 
( C h \  2) offtrj  the abilit) to incorpor2'L 
multiple reponing limits regardless of a 
chdngc in censoring mechanism Score 
t c w  (cia\\ 7 )  require consistcncj in the 
cen\oring mcchdnism with respect to the 
efftct being tuted 

Methods for re, oression 

k i t h  cenwred data the use of ordi 
n q  l e s t  squares (OLS) for regression 
is prohibited Cocfficients for slopes and 
interccpt cmnoi be computed without 
\due\ for the cemored observations 
and substituting fabricated i dues mdy 

on the values substituted Four altema 
tive methods capable of incorporating 
cemorcd observations are described be- 
low The fint and last approdches Ken- 
dall F robu\t fit (-78) and contingency ta- 
ble\ (20 )  arc nonpdrametric (class 3 )  
method\ requinn,o no distribucional a\ 
wrnptions Robust correlation coeffi- 
cients dlso are mentioned (10) Tobit 
and logistic regrcssion 1-74 3) the \ec 
ond and third methods fit lines to data 
using maximum lihelihood (class 2) 
Both methods assume normdlity of the 
residuals though with logistic regres- 

- produce coeffictcnts w-ongIydependcnr-- -- 

When adherence to a normal distribu- sion the assumption is after a logit 

The appropriateness of score tests 
When a score test is not appropriate 

Score tests are inappropnate when the censoring mechanism differs for the 
two groups That is, the probability of obtaining a value below a given report- 
ing limit differs for the two groups when the null hypothesis that the groups are 
identical is true 

1 Suppose a trend over time is being investigated The first five years of 
data are produced by a method that has a reporting limit of 10 pg/L, the sec- 
ond five years of data are compiled by an improved method with 1 pg/L as its 
reporting limit A score test of the first half of the data versus the second would 
not be valid because the censoring mechanism itself varies as a direct func- 
tion of time 

2 Two groups of data are compared as in a rank-sum test, b,t most of the 
data from group A were measured with a chemical method having 1 as its re- 
porting limit and most of group B were measured with a method having 10 as 
its reporting limit A score test would not yreld valid results because the cen- 
soring mechanism varies as a function of what is being investigated (the two 
groups) 

When a score test ts appropriate 
A score test yields valid results when the change in censoring mechanism IS 
not related to the effect being measured Stated another way, the probability 
of obtaining data below each reporting limit is the same for all groups, assum- 
ing that the null hypothesis of no trend or no difference IS true Here a score 
test provides much greater power than does artificially censonng ail data be- 
low the highest reporting limit before using the rank-sum test 

1 Comparisons have been made between two groups of data collected at 
*ouahlv the same time and analvred by the same methods, even though those 

,atorres Censoring t h u s  IS not a !unction-of what is being tested but is a ran- I 

I . 
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replacement o f  non-detects, testing for distribution shape and 
variance, and conducting appropriate t t e s t s  or the WRS t e s t .  

4- As the performance of the Gehan t e s t  has not, in my opinion, been 
adequately determined, I recommend that  s t a t i s t i c a l  evaluations 
and comparisons of  i t s  performance w i t h  competing t e s t s  should be 
conducted by EG&G a t  the ear l iest  time. The performance 
assessments should speci f ica l ly  include data sets  that  c o n t a i n  one 
or more nondetects larger t h a n  detects  The performance o f  the 
Gehan t e s t  (or any other tes t )  f or  this s i tuat ion has n o t ,  t o  my 
knowledge, been studied. More generally,  future work should 
include considering how t o  s t a t i s t i c a l l y  analyze data s e t s  t h a t  
contain nondetects t h a t  are larger than a l l  detects 

Example* 

Test 6. 

Purpose 

Met hod: 

Exampl e 

We use t h e  RFP d a t a  i n  Figure 1 and a Type I error r a t e  o f  0 05 
In F i g u r e  7 the ordered background and OU data as well as the i r  
Gehan ranks and scores are displayed. 
and m = 10 ,  n = 20, N = 30 in the equation f o r  2, we f i n d  t h a t  
2 = -0.7376 Since Z i s  smaller t h a n  1.645, we conclude that  
Gehan's t e s t  does n o t  indicate the analyte i s  a PCOC. 

Using these scores [a(R,)] 

t t e s t  

The t t e s t  i s  one o f  the most widely known s t a t i s t i c a l  t e s t s  for 
tes t ing  that the means o f  two populations are different When the 
background and OU data are noriaally and independently distributed, 
each distribution has the same variance, and neither data s e t  
contains any nondetects, t h e  t t e s t  i s  the preferred t e s t  

The reader i s  referred t o  a s t a t i s t i c s  book for how t o  conduct a t 
t e s t ,  e g , Snedecor and Cochran (1980,  p p  89-99) 

We use t h e  RFP data i n  Figure I 
recommended because some OU a a t a  are nondetects The Gehan test 
should be used instead because nondetects w i t h  multiple detection 
l i m i t s  are present 
t e s t  i s  appropriate 

However, the t t e s t  i s  n o t  

If no nondetects were present then the  GIRS 

Sumarv Ccrnments for PHASE IV 

The t e s t s  discussed above have been applied t o  the data in Figure 1. We found 
t h a t  the HM comparisons identified 2 OU measurements t h a t  exceeaed the 95% UTL 
on t h -  9 5 t h  percenti le .  However, the Slippage, Quantile and Gehan t e s t s  d i d  
n o t  indicate the analyte I S  a PCOC . iugment, geochemical analyses, and knowledge o f  RFP (Phaz?  V) t o  evzluate the  

t e s t s  
( d a t a  col lect ion/val  i d a t i o n . )  

The next step is t o  apply professionjl  

~ I l d i t y  of the i n d i v i d u a l  measurements ;nd the resul t s  O i  the s t a t i s t i c a l  
I (These checks supplement the d a t a  val ia icy  cnecks x d e  cdring Phtse 2 

If uncertaintj - e m i n s  a f t e r  th is  evzlLatlon, 

ATTACHMENT B - GILBERT, 1993 



ATTACHMENT C - LITERA= REVIEW AVERAGE ABU\DA\CES OF ELEUL\TS % 

iTS 

w 

Element Crust Granite Basalt Sea iter 
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Zn 
Ce 
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Nd 
c o  
LI 

N 
sc 
Nb 
Ga 
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Pr 

- Sm 
Gd 
DY 
Er 
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BG 
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Br 
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SHACKLE7TE AND BOERNGEN, 1984, SOILS OF 
WESTERN U S I  730 SAMPLES, 20 CM DEPTH 

DRAGUN, 1988 (COMPILATION OF SEVERAL NATIONAL AND 
WORLDWIDE STUDIES) 
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Source EG&G, 1995, Background Soils Charactemtion Project (BSCP) Presentation 
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